INTRODUCTION {#sec1-1}
============

Herbst appliance is largely used in orthodontics for the correction of Class II. The main points in favor are the short time required for the treatment and the fact that it does not need patient compliance.\[[@ref1][@ref2]\] Its effects are dental, including a posterior displacement of the upper dental arch and anterior displacement of the lower dental arch, and skeletal, such as a reduced sagittal growth of the maxilla and an enhanced sagittal growth of the mandible. It should be kept in mind that these skeletal effects vary among subjects, between sexes and with time of the therapy.\[[@ref2]\] Several genetic studies have been done during the years.\[[@ref3][@ref4][@ref5][@ref6]\]

It is well known that a point in disfavor of the Herbst treatment is a proclination of lower incisors due to the forces exerted on the lower teeth by the same telescope device.\[[@ref7]\]

Various modifications of the original Herbst such as the use of class III elastics, reduced and total cast splints, have been proposed, but none has been able to completely stop the proclination of mandibular incisors.\[[@ref8]\]

Weschler and Pancherz stated that the mandibular anchorage loss in Herbst treatment is a reality with which the orthodontist has to live and up until now there has been an agreement that flaring of the lower incisors cannot be prevented by any kind of anchorage system.\[[@ref7]\]

Not only did the introduction of the skeletal anchorage allow the simplification of many procedures conventionally employed for the control of anchorage, but also the reduction of the undesirable effects of many appliances too.\[[@ref8]\] Moreover, miniscrews present many advantages, including low cost, low invasive insertion procedures and great versatility. Many authors have demonstrated that they can be used as successful sources of anchorage during orthodontic therapy.\[[@ref9][@ref10][@ref11][@ref12][@ref13]\]

To our knowledge, the possibility of combining Herbst appliance with skeletal anchorage has not been previously described in literature.

Therefore, the aim of this study was to analyze dental and skeletal effects of an acrylic Herbst-miniscrews combined device in comparison to a acrylic cast splints Herbst appliance, in the correction of Class II malocclusion.

MATERIALS AND METHODS {#sec1-2}
=====================

Patients who could benefit from Herbst treatment, who had a bilateral Angle Class II division 1 malocclusion, ≥1/2 cusp width, who were in the permanent or late mixed dentition, whose parents signed an informed consent form, were eligible for inclusion in the study. Patients were not included in the study if any of the following exclusion criteria were present: Poor oral hygiene and motivation, tooth agenesis or premature loss of permanent teeth, presence of second molars, transverse or vertical discrepancies, and incomplete available records.

All parents received thorough explanations and a written informed consent form prior to being enrolled in the study. Each case was accurately evaluated by a unique operator (AM) to assess the inter-arch relationships, panoramic radiographs, and lateral head films.

A total of 56 subjects were considered eligible for this study. Patients were allocated to either a test (combination of Herbst appliance with reduced mandibular acrylic splint, from first molar to first molar, and miniscrews) or control (Herbst with mandibular acrylic splint) group using a computerized random allocation process. A computer generated restricted randomization list was created. Only one of the investigators, not involved in selection and treatment of the patients, was aware of the randomization sequence and could have access to the randomization list. The randomized codes were enclosed in sequentially numbered, identical, opaque, and sealed envelopes.

Six patients refused to take part in this study and the final sample consisted of 50 patients, including 27 males and 23 females with a mean age of 11.8 ± 1.7 years.

In the test group, the miniscrews were applied in mandibular bone at the level of marginal or attached gingiva or mucogingival junction, between the lower first molar and second premolar.\[[@ref14]\] The miniscrews employed (MAS, Micerium, Avegno, Italy) were titanium, 11 mm long, and shaped like a truncated cone with a diameter of 1.5 or 1.3 mm (according to the bone level) at the point and 2.2 mm at the neck. The shank of the screws was 1 mm in diameter, the threaded part had a length of 8 mm, and the heads featured a hexagonal slot to house the head of the screwdriver or contra-angle hand piece.

The mouth of each test patient was rinsed with 0.1% chlorhexidine gluconate solution and predrilling was carried out, and the miniscrews were inserted by means of a manual screwdriver.

According to the randomization sequence, a metallic or elastic ligature (100 g) linked the miniscrews to metallic buttons bonded to the lower canines of each side.

All patients included in the present study were treated by the same orthodontist (AM).

Lateral cephalograms were obtained for all patients before (T0) and at the end (T1) of the Herbst treatment to evaluate the outcome of the orthodontic therapy. No patients dropped out during the study.

The Sagittal Occlusion analysis of Pancherz (analysis of changes in sagittal occlusion)\[[@ref15]\] was carried out manually for each patient by the same researcher blinded to the type of treatment received by the patient (MP), in order to analyze quantitatively the skeletal and dental structures.

This methodology was chosen in order that the results of this study would be comparable with the effects of various other Herbst devices described by other authors.\[[@ref7]\]

Occlusal line (OL) and Occlusal Line perpendicular (OLp) were transferred from the first lateral head film to the second by superimposition of the radiographs on stable bone structures of anterior cranial base. Furthermore, other parameters, including mandibular incisor proclination and cranial base-mandible angle were considered \[[Figure 1](#F1){ref-type="fig"}\].

![Modified SO Pancherz analysis: Measuring landmarks and measuring distances](DRJ-9-216-g001){#F1}

All linear and angular measurements were taken to the nearest 0.5 mm and 0.5°, respectively. Moreover, all these measurements were performed twice, with a 7-day interval between the two recordings, in order to calculate Dahlberg\'s formula Method errors of the cephalometric variables were less than 1 mm, for linear measurements, and less than 1° for angular measurements.

The mean and standard deviation (SD) of each variable were calculated and paired *t*-test was used to evaluate statistical changes before and after the treatment, in each group. Student *t*-test was used to compare the two groups and significant differences we observed for *P* \< 0.05.

RESULTS {#sec1-3}
=======

All subjects of both groups had been successfully treated to an overcorrected bilateral Class I molar relationship.

Pretreatment and posttreatment records are shown in [Table 1](#T1){ref-type="table"}.

###### 

Records of test and control group before treatment (T0) and after treatment (T1)

![](DRJ-9-216-g002)

Total treatment duration (T0-T1) was comparable in the two groups, being 7.6 months for the test group and 7.5 months for the control group. No miniscrews were lost, or replaced, or became mobile during the treatment.

Maxillary and mandibular base {#sec2-1}
-----------------------------

A slight maxillary base retrusion was achieved in both groups at the end of the Herbst treatment. At T0, the test group had an average A/OLp of 79.1 ± 4.3 mm, which had decreased by 0.4 to 78.7 ± 4.4 mm at T1 (*P* \> 0.05) and the control subjects had an average A/OLp of 76.6 ± 3.4 mm at T0, which had decreased by 1 to 75.6 ± 3.7 mm at T1 (*P* \> 0.05).

Comparing the groups with the *t*-test, no significant differences were observed (*P* \> 0.05).

In the test group, an advanced position of Pg/OLp by 2.2 mm (from 81.1 ± 5.1 mm at T0 to 83.3 ± 5.8 mm at T1) was found at the end of the treatment (*P* \< 0.05).

In the control subjects, Pg/Olp slightly decreased by 0.3 mm from 78 ± 4.6 mm at T0 to 77.7 ± 6.1 mm at T1 (*P* \> 0.05).

Comparing the groups with the *t*-test, no significant differences were recorded (*P* \> 0.05).

Skeletal discrepancy decreased both in the test group, from −2 ± 3 mm at T0 to −4.5 ± 3.4 mm at T1 (*P* \< 0.05), and in the control group, from −1.4 ± 3.3 mm at T0 to −2.1 ± 4 mm at T1 (*P* \< 0.05).

No significant difference between the two groups was found (*P* \> 0.05).

Maxillary and mandibular incisors {#sec2-2}
---------------------------------

Maxillary incisors showed at the end of the treatment a slight incisal edge retrusion both in the test group (from 86.6±5.4 mm at T0 to 86.5±5 mm at T1; *P* \> 0.05) and in the control subjects (from 83.5±4.3 mm at T0, to 82.5±5.1 mm at T1; *P* \> 0.05). No significant differences between the groups were observed (*P* \> 0.05).

Mandibular incisal edge advanced more in the test group (by 3 mm, from 80 ± 5.1 mm at T0 to 83±4.9 mm at T1; *P* \< 0.05), than in the controls (by 2 mm, from 76.9 ± 4.2 mm at T0 to 78.9 ± 4.9 mm at T1; *P* \< 0.05), although the difference between the groups was not statistically significant (*P* \> 0.05).

The Herbst treatment improved similarly the overjet in both groups. At T0, the test group had an average overjet of 6.6 ± 2.4 mm, which at T1 had significantly decreased to 3.4 ± 1.4 mm (*P* \< 0.05).

The control subjects had an average overjet of 6.6 ± 2.2 mm at T0, which had significantly decreased to 3.6 ± 1.5 mm at T1 (*P* \< 0.05).

Comparing the groups with the *t*-test, no significant differences were recorded (*P* \> 0.05).

Flaring of the lower incisors was noticed in all subjects. However, the mean mandibular incisor proclination in the test group, at the end of Herbst treatment, was lower (by 2.8°, from 100.5° ± 6° at T0 to 103.3 °± 5.7° at T1; *P* \< 0.05) compared with the controls (by 7.4°, from 94.5° ± 4.7° at T0 to 101.9° ± 7.4° at T1; *P* \< 0.05) and the difference between the two groups was statistically significant (*P* \< 0.05).

Maxillary and mandibular molars {#sec2-3}
-------------------------------

A similar maxillary molar distalization was achieved in both groups at end of the treatment. At T0, the test group had an average Ms/OLp of 55 ± 4.9 mm, which at T1 had decreased to 53.9 ± 4.4 mm (*P* \< 0.05) and the control group had an average Ms/OLp of 51.7 ± 4.2 mm at T0, which had decreased to 49.6 ± 4.9 mm at T1 (*P* \< 0.05). Comparing the groups with the *t*-test, no significant differences were recorded (*P* \> 0.05).

A mesialization of lower molars was found both in the test group (by 3.7 mm, from 53.9 ± 5.7 mm at T0 to 57.6 ± 5.1 mm at T1; *P* \< 0.05) and in the control subjects (by 2.7 mm, from 49.8 ± 4.7 mm at T0 to 52.5 ± 5.4 mm at T1; *P* \< 0.05). The difference between the groups was not statistically significant (*P* \> 0.05).

At T0, the test group had an average molar relationship of 1 ± 1.8 mm, which at T1 had significantly decreased to −3.8 ± 2.6 (*P* \< 0.05). At T0, the control group had an average molar relationship of 1.8 ± 1.8 mm, which at T1 had significantly decreased to −2.6 ± 2.9 (*P* \< 0.05).

Considering molar relationship, differences between the groups were not statistically significant (*P* \> 0.05).

Cranial base-mandible angle {#sec2-4}
---------------------------

A slight anterior rotation of the mandible was found in the test group (SN/GoMe decreased from 33.5° ± 6.4° at T0 to 32.6° ± 6.3° at T1; *P* \> 0.05), whereas in the control subjects a posterior rotation of the mandible was observed (SN/GoMe increased from 32.8° ± 5.6° at T0 to 33° ± 6.6° at T1; *P* \> 0.05). However, the difference between the groups was not significant (*P* \> 0.05).

DISCUSSION {#sec1-4}
==========

Our results highlight that both types of Herbst treatments are efficient in the correction of Class II malocclusion. At the end of the therapy a bilateral first Class molar relationship was achieved in all patients, with a significant decrease of the overjet and the skeletal discrepancy.

Several factors contributed to these changes including: A slightly backward movement of the maxillary incisors, a forward movement of the mandibular incisors, a restraint of the forward movement of the maxilla and, in the test group, a forward movement of the mandible. Lucchese *et al*. and other authors conducted studies about the prediction of third molar eruption.\[[@ref3][@ref4][@ref5][@ref6][@ref12][@ref16][@ref17]\]

The treatment did not determine significant alterations of the cranial base-mandibular angle, and this is in agreement with that of other Herbst studies.\[[@ref18][@ref19]\]

Results of the present study showed that in both groups of patients there was an increase of lower incisor proclination that is a general side effect of Herbst appliance treatment.

However, the combination of Herbst and miniscrews allowed a significantly better control of mandibular incisor proclination, in comparison with the control patients.

The combined miniscrew system has been shown to be able to consistently reduce mandibular incisor proclination, in comparison with other studies.\[[@ref7]\]

Hansen *et al*.\[[@ref20]\] found a mandibular incisor proclination of 10.8° as a result of the total mandibular cast splint Herbst treatment.

Ruf *et al*.\[[@ref21]\] observed a mean lower incisor proclination of 8.9° in 98 Class II total mandibular splint Herbst patients.

Von Bremen *et al*. in 2005\[[@ref22]\] observed the anchorage loss with reduced and total mandibular cast splints, during Herbst treatment, and found a mean proclination of mandibular incisors of 11.8° and 9.3°, respectively.

El-Fateh and Ruf\[[@ref23]\] analyzed 100 Class II patients treated with reduced mandibular splint Herbst and recorded at the end of the treatment a mean lower incisors proclination of 12.9° ±4.6°.\[[@ref17]\]

Recently, a lingual appliance and Herbst combination with full control over mandibular incisor was introduced by Wiechmann *et al*.\[[@ref24]\] However, these preliminary results need further investigations because of the small number of subjects included and the retrospective nature of the study.

In our research, the test group had lower proclination of incisors but a slightly more protruded mandibular incisor position (Is/OLp) than the control group.

These findings are contradictory as it is expected that a higher incisor proclination will result in increased incisal edge protrusion.

One possible explanation would be that the test group showed a slightly enhanced sagittal position of the mandible (Pg/OLp) in comparison to the control group. Furthermore, in the test group a slight anterior rotation of the mandible was observed.

The amount of forward movement of the mandible recorded in the test group was similar with that of other studies: Wigal *et al*. observed twenty-two patients with Class II division 1 malocclusion treated with an edgewise crowned Herbst appliance in the early mixed dentition and found a mean forward movement of the mandibular base of 2.0 mm.\[[@ref25]\]

According to our results, it might be speculated that a better mandibular incisor proclination control would allow a slightly mesial displacement of the mandible.

Taira *et al*. evaluated the effects of mandibular advancement plus prohibition of lower incisor movement on mandibular growth in rats and found that mandibular growth was accelerated before and during the pubertal period by mandibular advancement with a fixed functional appliance combined with prohibition of labial movement of the lower incisor.\[[@ref26]\]

We also have to consider that skeletal effects vary between sexes and with time of the treatment. A point in favour of this study is that the two groups of subjects were similar for age and sex.

On the other hand a limitation of the study was the relatively small sample size.

Another sign of anchorage loss due to the Herbst appliance is the advancement of the lower molars observed at the end of the treatment, despite the fact that in both groups splints reached the first mandibular molars. Thus, an active sagittal displacement of the mandibular molars was not avoided by the use of dental or skeletal anchorage systems. It might be assumed that the lower arch mesial displacement is partly due both to the mandible advancement and dental anchorage loss.

CONCLUSION {#sec1-5}
==========

It can be concluded that the miniscrew-Herbst system, described in the present study, allows correction of Class II malocclusion, with a slight lower incisor proclination during treatment.

Further investigations should be carried out increasing the number of patients involved in the survey, in order to confirm the present findings.
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